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THE EFFECT OF INJECTION CONDITIONS ON THE STRUCTURAL 
INTEGRITY OF THE COMPONENTS PRODUCED BY SEMI-SOLID 
RHEOCASTING 
 
 
 
ABSTRACT: This work is a contribution to improve understanding about the behaviour of components produced by 
semi-solid processes. The present study shows the effect of different conformation parameters on automotive cranking 
cover production obtained by Semi-Solid Rheocasting Process (SSR®). The components were produced using EN AC-
46500 alloy, by an industrial plant with a 700 Ton HPDC machine and an IDRA SSR Station. 
The process parameters studied were slurry temperature, agitation time, speed injection and lubrication system. The 
characterization was carried out by microstructural analysis, X-rays and mechanical tests. The components show good 
mechanical properties, similar to those obtained by die cast. The process was simulated using the PROCAST program. 
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1 INTRODUCTION  
The semi-solid metal casting processes (SSM) have been 
accepted as a casting process with significant advantages 
over some other casting techniques. Mainly, the 
advantages include non-turbulent filling of the cavity, 
low shrinkage in the castings, lower starting temperature 
of the feedstock and longer tool life [1]. 
 
In 2002, the Massachusetts Institute of Technology 
(MIT) and IDRA Casting Machines S.r.l. in USA 
developed the Semi-Solid Rheocasting (SSR) [1]. This 
process uses a compact additional machine and uses a 
standard HPDC machine. This technique joins together 
all the advantages of the SSM processes, and at the same 
time, it is very competitive with the existent processes 
[1, 2]. 
 
2 EXPERIMENTAL PROCEDURE 
 SSR technology is based on the high-pressure injection 
of semi-solid slurry previously obtained from an agitator. 
The agitator cools the metal, which produces a small 
solid fraction [3]. 
 
The SSR process consists of the following steps: [1]: 
 
Step 1: The molten aluminium remains above the 
melting point. 
 
Step 2: A graphite cooling rod is lowered into the metal 
and cools it to a temperature below the liquidus point by 
agitating at high speed. The rod is kept in the melt for 
very short periods of time and the agitation speed does 
not exceed 60 rpm. The most critical part of the process 
is to obtain the first 1% volume of the non-dendritic 
solid fraction. The cooling rate must also be carefully 
controlled during the agitation phase (0.3-3 ºC · s-1). 
 
Step 3: After a short agitation period, the graphite rod is 
extracted, leaving a slurry with a low solid fraction 
content (<20 %) that is transferred into the HPDC 
machine. 
 
The aim of this work was to study the effect of injection 
conditions on the structural integrity of the component 
that the secondary alloy EN AC-46500 (Table 1) 
obtained by Semi-Solid Rheocasting (SSR).  
 
Table 1: Composition in % weight of the EN AC-46500 
alloy. 
Al Si Cu Fe Mg Mn 
Base 8.7 2.5 0.7 0.15 0.25 
Zn Ti Ni Cr Pb  
0.5 0.05 0.06 0.03 0.08  
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Figure 1: Photograph of the a) SSR cranking cover, b) 
tensile test piece location, and c) tensile test piece. 
The characterization was carried out by microstructural 
analysis of the conformed components (Figure 1a). 
 
The Brinell hardness test was performed for a total of 18 
tests in 6 as cast samples. 
 
The tensile tests were performed, using M6 tensile test 
specimens (Figure 1b and 1c), on a ZWICK Z100/TL3S 
testing machine, according to EN 10002-1, at a strain 
rate of 2.5×10-3 s-1 [4]. 
 
3 RESULTS AND DISCUSIONS 
3.1 SIMULATION 
3.1.1 Slurry preparation 
Cooling and agitation process simulation was made in 
order to determine the optimal conditions to obtain 1% 
of solid fraction, which is the minimum percentage 
needed to obtain the globular structure needed in the 
SSR process. 
 
The simulation was made taking in account the 
following conditions: 
 
 The process started with the melting pot charged 
with 4 kg of EN AC-46500 alloy. 
 We needed 10 seconds to move the crucible to the 
SSR station to start the agitation. Therefore, the 
system was cooled without agitation for 10 seconds. 
 Graphite agitator (K=24 Wm-1 K-1) 50mm diameter 
and 450mm length. 
 Zircon crucible (K=2,1 Wm-1K-1) 150mm diameter, 
260mm height and 22mm wall thickness. 
 Initial crucible temperature: 300 ºC 
 Initial melt temperature: 630 ºC 
 Initial agitator temperature: 20 ºC 
 
Under these conditions, solidification started at 598 ºC 
(figure 2a) and after 8 seconds we obtained 1% solid 
fraction around the agitator (figure 2b). After 12 seconds 
we obtained 4% solid fraction and it was then impossible 
to fill the mould. 
 
Finally, we needed 5 seconds to load slurry in the 
container.  
 
Figure 2: ProCast simulation shows temperatures map of 
the agitator at 8 seconds of cooling with agitation and b) 
solid fraction map of the agitator at 8 seconds of cooling 
with agitation. 
 
3.1.2 Mold Filling 
Figure 3a) shows the porosity map for a filled at 0.10 
m·s-1 of lineal piston speed that corresponds to 2.34 m·s-1 
speeding in the gate. Figure 3b) shows the porosity map 
corresponding to 0.21 m·s-1 of lineal piston speed piston 
that corresponds to speed in the gate of the slurry of 5.00 
m·s-1. 
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Figure 3: ProCast simulation shows a) Porosity of the 
one laminar filled and b) Porosity of the one turbulent 
filled. 
Other parameters studied in the simulations were: slurry 
temperatures understood between 590 and 598 ºC for the 
EN AC-46500 alloy and 305 ºC of mold temperature. 
The simulation was done under different conditions, 
while it stayed 1 constant parameter and the other one 
was being modified. 
 
The filling of the mold cavity made with 13% of solid 
fraction and to a maximum velocity in the gate of 1.8 
m·s-1. 
 
3.2 EXPERIMENTAL RESULTS 
3.2.1 Slurry preparation 
The furnance temperature was 630 ºC and the robot took 
10 seconds until the agitator. EN AC-46500 alloy the 
solidification begin at temperature of 598 ºC [5]. To 
make good components, the agitator needed between 8 
and 10 seconds agitation for 4 kilograms of melt. 
 
3.2.2 Mold Filling 
In the High Pressure Die Casting (HPDC) processes for 
injection of the liquid metal or in semisolid state (SSM), 
the displacement of the piston is carried out in two steps 
whose injection speeds are respectively V1 and V2. 
These velocities were experimented between 0.1 and 
0.16 m·s-1. The best results were obtained with 0.1m.s-1, 
that corresponding to 2.34 m·s-1 gate velocity. Below this 
velocity it is impossible to fill the mould. 
 
Other parameter studied was the mould temperature; the 
study worked with temperatures between 200 and 300 
ºC, the best temperature was the highest. 
 
These results validate the filling predictions obtained by 
simulation and to obtain components with smaller 
defects and the low porosity. 
 
3.2.3 Radiographic analysis 
To validate the simulation we made radiographic 
analyses of different components. These were useful for 
identifying big defects, in the shape of contraction and 
gas porosity, at localized zones. We didn’t observe any 
porosity if we injected at 2.34 ms-1 in the gate (laminar 
filled) [6]. 
 
3.2.4 Metallografic analysis 
The microstructure of as-cast EN AC-46500 (Figure 4a) 
consists of primary grains of the α-solid. The -phase is 
surrounded by a very thin eutectic layer in which 
intermetallic compounds can be detected. EDS analysis 
revealed Al,Si,Fe,Mn,Cu, Al,Si,Fe,Mn,Cu,Cr (Figure 
4b), -AlFeSi, Mg2Si and CuAl2.  
 
Figure 4: a) Micrograph of the EN AC-46500 SSR as 
cast and b) SEM fractograph.  
 
In EN AC-46500 SSR alloy, where the iron content is 
bigger than 0,12%, the presence of compounds of this  
element will affect more [7]. 
 
By means of image analysis the solid fraction of the 
component during the injection was calculated. This 
solid fraction is corresponding to eutectic and was 16% 
approximately. 
 
3.2.5 Hardness test 
The EN AC-46500 Brinell hardness was 98 HBW with a 
deviation of ±2,6. This value is superior to the obtained 
by DC [3]. 
 
The T6 heat treatment applied obtains increases in 
hardness of up to 100% (139 HBW) [3]. 
 
3.2.6 Tensile test 
The tensile test results of as cast samples are shown in 
the table 2. 
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Table 2: EN AC-46500 mechanical properties obtained 
by SSR, High Pressure Die Casting and Die Casting. 
 YS /MPa UTS /MPa f /% 
EN AC-46500 SSR 118 226 2,5 
EN AC-46500 T6 SSR 319 358 1,2 
EN AC-46500 HPDC* 110 180 <1 
EN AC-46500 T6 HPDC The norm doesn't contemplate this 
heat treatment. 
EN AC-46400 DC* 100 170 1 
EN AC-46400 T6 DC* 235 275 1,5 
* UNE EN 1706   
 
The results evidence that SSR process can be produced 
components with a better structural integrity than the 
obtained by DC and HPDC. 
 
4 CONCLUSIONS 
1- The simulation using the PROCAST program 
predicted with enough precision the slurry 
preparation conditions and, with acceptable 
approximation, the mould filling for the SSR 
technology. 
2- The best experimental results were given at 595 ºC  
slurry temperature, at 305 ºC  mould temperature, 8s 
agitation, and at 2.34 ms-1 of the speed in the gate.  
3- With the conditions of conclusion 2 and agitation 
times lower than 8 seconds, the globular alpha phase 
is not generated. On the other hand, after 12 seconds 
it is impossible to inject it. 
4- High speeds in the attacks produced a bigger 
contraction porosity or microporosity. 
5- The X-ray analysis shows that the porosity in the 
SSR process was smaller than 1%. It validates the 
results obtained by finite elements simulation. 
6- In the EN AC-46500 alloy, the presence of 
intermetallics can hinder the ageing process and 
facilitate the transgranular fracture 
7- The EN AC-46500 SSR components show bigger 
Yield Strength, Ultimate Tensile Strength, 
elongation than those obtained by DC and 
deformation that those obtained by HPDC. 
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